We present optical and near-IR photometry of three Type II supernovae (SNe II), SN 2008bm, SN 2009aj, and SN 2009au. These SNe display the following common characteristics: signs of early interaction of the ejecta with circumstellar material (CSM), blue B −V colours, weakness of metal lines, low expansion velocities, and V -band absolute magnitudes 2-3 mag brighter than those expected for normal SNe II based on their expansion velocities. Two more SNe reported in the literature (SN 1983K and LSQ13fn) share properties similar to our sample. Analysing this set of five luminous with low expansion velocities (LLEV) SNe II, we find that their properties can be reproduced assuming ejecta-CSM interaction that lasts between 4-11 weeks post explosion. The contribution of this interaction to the radiation field seems to be the dominant component determining the observed weakness of metal lines in the spectra rather than the progenitor metallicity. Based on hydrodynamic simulations, we find that the interaction of the ejecta with a CSM of ∼ 3.6 M ⊙ can reproduce the light curves and expansion velocities of SN 2009aj. Using data collected by the Chilean Automatic Supernova Search, we estimate an upper limit for the LLEV SNe II fraction to be 2-4 per cent of all normal SNe II. With the current data-set, it is not clear whether the LLEV events are a separated class of SNe II with a different progenitor system, or whether they are the extreme of a continuum mediated by CSM interaction with the rest of the normal SN II population.
INTRODUCTION
Type II supernovae (SNe II ; Minkowski 1941) are the final stage of the evolution of stars with an initial mass > 8 M⊙, that retain a significant fraction of hydrogen in their envelopes at the moment of the collapse of their iron cores. Among SNe II, three special sub-types have been identified based on their photometric and spectroscopic characteristics: those showing hydrogen in early spectra that soon disappear (SNe IIb; Woosley et al. 1987; Filippenko 1988) , those having light curves similar to SN 1987A (1987A-like SNe, e.g., Hamuy et al. 1988) , and those showing narrow hydrogen emission lines in the spectra due to the interaction of the ejecta with a circumstellar material (CSM) (SNe IIn ; Schlegel 1990) . For the rest of SNe II (77 per cent; Shivvers et al. 2017 , which show a range in luminosity decline rates) we will refer as normal SNe II.
Among SNe IIn, there are some events that after 25-50 d past explosion start to look similar to normal SNe II with broad P-Cygni profiles, but with bluer colours (hereafter SNe IIn/II, e.g., SN 1979C, Balinskaia et al. 1980 SN 1998S, Fassia et al. 2000 SN 2007pk, Inserra et al. 2013 SN 2008fq, Taddia et al. 2013 PTF11iqb, Smith et al. 2015; SN 2013fc, Kangas et al. 2016 ). On the other hand, Smith et al. (2015) suggested that some normal SNe II could be classified as SNe IIn if the classification spectra are taken at epochs early enough to detect the interaction of the ejecta with the CSM generated by progenitors with dense winds.
Recently, it has been shown that the presence of CSM around progenitors of normal SNe II seems to be ubiquitous . In fact, the ejecta-CSM interaction in normal SNe II, previously detected only in few cases (e.g., SN 2006bp; Quimby et al. 2007 ), now is confirmed in many cases by the detection of narrow hydrogen emission lines in very early-time spectroscopy (also called "flash spectroscopy", Khazov et al. 2016; Yaron et al. 2017) . The effect of this early ejecta-CSM interaction over the radiation field is also inferred from the light curve modelling (Moriya et al. 2011; Morozova et al. 2017 Morozova et al. , 2018 Das & Ray 2017; Förster et al. 2018 ) and, more recently, from the simultaneous modelling of light curves and spectra (Hillier & Dessart 2019) .
With the increasing number of discovered SNe II, more rare events are being revealed. An example of this is LSQ13fn (Polshaw et al. 2016) , an SN II that shares some of the properties seen on SNe IIn/II (e.g., early ejecta-CSM interaction, blue colours, and high luminosities) but with two additional characteristics: (1) a weakness of metal lines in the spectra, and (2) low expansion velocities, with values between the subluminous SN II 2005cs (Pastorello et al. 2006 (Pastorello et al. , 2009 and the archetypal SN II 1999em Leonard et al. 2002; Elmhamdi et al. 2003) , but having a luminosity comparable to the luminous SN II 2004et (Sahu et al. 2006; Misra et al. 2007; Maguire et al. 2010 ). In addition to LSQ13fn, SN 1983K was also reported showing some of the aforementioned characteristics (Niemela et al. 1985; Phillips et al. 1990) . SN 1983K and LSQ13fn, being more luminous than the expected from their expansion velocities, do not fall on the luminosity-expansion velocity re-lation found by Hamuy & Pinto (2002) for normal SNe II. Polshaw et al. (2016) suggested a combined effect of a residual thermal energy from the early ejecta-CSM interaction, a low metallicity, and a large radius of the progenitor to explain the peculiarities seen in LSQ13fn. In this work we present optical and near-IR photometry of SN 2008bm, SN 2009aj, and SN 2009au, which show similar properties to those seen in SN 1983K and LSQ13fn. Throughout this paper we identify this sample of SNe II using the acronym Luminous with Low Expansion Velocities (LLEV) SNe II.
The paper is organized as follows. In Section 2 we present the relevant information on our SN data-set and their host galaxies. Photometry along with the description of the data reduction is presented in Section 3. In Section 4 and 5, we contrast the properties of the LLEV SNe II with those of other SNe II. A possible scenario that could explain the peculiar characteristics seen in the LLEV SNe II is discussed in Section 6. We also present an estimation of the fraction of LLEV SNe II with respect to normal SNe II in Section 6.3 and their impact on the use of normal SNe II as distance indicators in Section 6.4. Finally, our conclusions are summarized in Section 7.
SUPERNOVAE AND HOST GALAXIES
In Table 1 we list the main parameters of the LLEV SNe II in our set and their host galaxies. Throughout this work we assume the extinction curve given by Fitzpatrick (1999) with RV = 3.1. To compute distances from recessional redshifts, we assume H0 = 73 km s −1 Mpc −1 , Ωm = 0.27, and ΩΛ = 0.73. To estimate the error in distances due to peculiar velocities, we include a velocity dispersion of 382 km s −1 (Wang et al. 2006 ).
SN 2008bm
SN 2008bm was discovered in the galaxy CGCG 71-101 on 2008 March 29.3 UT (Drake et al. 2008 ) by the Catalina Real-time Transient Survey (CRTS; Drake et al. 2009 ). The SN is also present on images taken on January 31.5 UT. The last non-detection was on January 11.5 UT, therefore the explosion epoch is constrained to occur at MJD 54486.5±10.0 1 , which is 67.8 d before the discovery. The event was classified as an SN IIn a couple of months past explosion based on a spectrum obtained on April 7.1 UT. Stritzinger & Morrell (2008) initially classified SN 2008bm as an SN IIn, while latter spectra reported by Gutiérrez et al. (2017a, hereafter G17) show clear Balmer absorption lines, typically seen in normal SNe II. No radio detection was obtained in the 8.46 GHz band at the SN position on December 07.7 UT (Chandra & Soderberg 2008) .
CGCG 71-101 has a recessional velocity of 9875 km s −1 , which translates into a distance modulus of 35.66±0.08 mag. No Na iD absorption at the redshift of the host galaxy was detected in the SN spectra, indicating a negligible host Schlafly & Finkbeiner (2011) , with a statistical error of 16 per cent ). c Oxygen abundances, in the N2 calibration of Marino et al. (2013) , measured by Kuncarayakti et al. (2018) Anderson et al. (2016) Polshaw et al. (2016) (⊗) . The latter is a recalibration of the original value reported in the N2 calibration of Pettini & Pagel (2004) . d Value from Niemela et al. (1985) . e Value from Polshaw et al. (2016) . galaxy reddening (E host B−V = 0.00 ± 0.03 mag, Anderson et al. 2014b, hereafter A14) . SN 2008bm is located at a projected distance of 9.3 ± 0.3 kpc from the center of the apparently nearly face-on host galaxy, which is consistent with the low reddening scenario.
SN 2009aj
SN 2009aj was discovered in the galaxy ESO 221-G18 on 2009 February 24.3 UT (Pignata et al. 2009b ) during the Chilean Automatic Supernova Search (CHASE; Pignata et al. 2009a) . Nothing was visible at the SN position on February 11.2 UT, therefore the explosion occurs 6.5 d before the discovery (MJD 54879.8 ± 6.5). The event was classified by Stritzinger et al. (2009) as an SN IIn around maximum and reminiscent of SN 1983K.
We do not detect the presence of Na iD at the redshift of the host galaxy in the SN spectra. In this case, we assume zero reddening with an error corresponding to the 3σ upper limit of the Na iD pseudo equivalent width (pEW) nondetection. Using the relation of Poznanski et al. (2012) 2 we obtain E host B−V = 0.00 ± 0.02 mag, which we adopt as the host galaxy colour excess. ESO 221-G18 has a recessional velocity corrected for the infall of the Local Group toward the Virgo cluster and the Great Attractor of 4380 ± 112 km s −1 , which translates into a distance modulus of 33.89±0.20 mag.
SN 2009au
SN 2009au was discovered in the galaxy ESO 443-G21 on 2009 March 11.2 UT (Pignata et al. 2009c ) by the CHASE survey. Nothing was visible at the SN position on March 3.2 UT, therefore the explosion epoch is constrained to occur at MJD 54897.2 ± 4.0 (i.e., 4 d before the discovery). The event appeared to be a young SN IIn soon after explosion (Stritzinger et al. 2009 ), however later spectra (see G17) show clear Balmer absorption features. No radio detection was obtained at the SN position in the 8.46 GHz band on December 13.6 UT (Chandra & Soderberg 2009 ).
The distance modulus to ESO 443-G21 is estimated using the Tully-Fisher relation to be 33.44 ± 0.45 mag (Tully et al. 2016 ). In addition, ESO 443-G21 is a member of the galaxy group HDCE 754 (Crook et al. 2007 ), which has a recessional velocity corrected for Virgo infall of 3287 km s −1 , corresponding to a distance modulus of 33.27 ± 0.25 mag. We adopt the weighted mean of these values, i.e., µ = 33.31 ± 0.22 mag, as the distance to ESO 443-G21. SN 2009au is located at a projected distance of 1.7 ± 0.1 kpc from the center of the nearly edge-on host galaxy, so the SN could be affected by a high amount of extinction. We measured a Na iD pEW of 1.33 ± 0.21Å at the redshift of the host galaxy in the SN spectra. However, the Na iD pEW becomes insensitive to estimate reddening for pEW > 1.0Å (Phillips et al. 2013 Reichart et al. 2005) , as part of the CHASE follow-up program. Data reduction includes biassubtraction, overscan correction, flat-field correction, and image combination.
Images of the SNe host galaxies 1.5-4.0 years after the SN explosion were obtained in order to remove the host galaxy contamination. Instrumental magnitudes were measured using the point spread function (PSF) technique. Final magnitudes were computed with respect to a local sequence of stars (Tables A1-A6) , which are calibrated using Landolt (1992) UBVRI, Smith et al. (2002) ugriz, and Persson et al. (1998) JHK standard stars (J-and K-band observations were used to derive Y -band magnitudes of the standard stars, see Hamuy et al. 2006) .
Tables A7-A11 list the standard system photometry of SN 2008bm, SN 2009aj, and SN 2009au, while Fig. 1 shows their optical and near-IR light curves. Systematic differences between the CSP-I and CHASE photometry are, on average, lower than 0.02 mag. We stress the fact that the photometry obtained with the PROMPT telescopes was calibrated using the magnitudes of the CSP-I local sequences.
In the analysis we include the unfiltered photometry transformed to V -band magnitudes (VCRTS) of SN 2008bm obtained by the CRTS 3 . We note that the VCRTS photometry lies very close to our r-band photometry in the phase interval where the light curves overlap. In order to reach a better agreement between the VCRTS and the filtered V -band photometry, we add 0.26 mag to the VCRTS magnitudes, which is the average V − r colour at 50 d since explosion we obtained for SN 2009aj and LSQ13fn. We also include the optical spectroscopy for SN 2008bm, SN 2009aj, and SN 2009au, which was obtained by the CSP-I and already published in G17.
Sample of supernovae
In addition to SN 2008bm, SN 2009aj, and SN 2009au, we include SN 1983K (Niemela et al. 1985 Phillips et al. 1990 ) and LSQ13fn (Polshaw et al. 2016) into the analysis, given the similarity of their photometric and spectral properties (see Section 4 and 5). SN 1983K was discovered in the galaxy NGC 4699 on 1983 June 6.1 UT (Maza et al. 1983 ) at 17.1 mag (Phillips et al. 1990 ). There is no information about the last non-detection. However, the SN is at 13.3 mag on June 10.1 UT (Phillips et al. 1990) , which indicates that the SN was discovered close to the explosion. Fitting a quadratic polynomial to the B-band rise photometry, we obtain the explosion epoch to be MJD 45490.1 ± 1.0 (i.e., 1 d before the discovery). The distance modulus to NGC 4699 is estimated with the Tully-Fisher relation to be 31.45 ± 0.45 mag (Tully et al. 2016 ). In addition, NGC 4699 is member of the galaxy group HDCE 740 (Crook et al. 2007 ), which has a distance modulus of 31.57 ± 0.55 mag, so we adopt the weighted average (µ = 31.50 ± 0.35 mag). LSQ13fn was discovered on 2013 January 10.2 UT by the La Silla-Quest (LSQ) Variability Survey (Baltay et al. 2013) , which also obtained early-time photometry. The first detection was on 2013 January 8.2 UT, while the last non detection was on January 6.2 UT, so the explosion epoch occurs 3 d before the discovery (MJD 56299.2 ± 1.0). The main parameters for SN 1983K, LSQ13fn, and their host galaxies are summarized in Table 1 .
PHOTOMETRIC PROPERTIES
In this section we compare photometric properties of the LLEV SNe II with those of other SNe II.
Peak magnitude versus decline rate
Analysing a set of 116 SN II V -band light curves, A14 found a correlation between the absolute V -band magnitude at maximum (M max V ) and the decline rate of the second, shallower slope in the light curve (s2), which suggests a continuum in the normal SN II population in this parameter space. Similar peak magnitude-decline rate correlations were also obtained by Sanders et al. (2015) , Galbany et al. (2016) , and Valenti et al. (2016) .
The top part of Fig. 2 shows the absolute V -band light curves of the LLEV SNe II in our set. For SN 2008bm, SN 2009aj, SN 2009au , and LSQ13fn we have V -band photometry around the maximum light. In the case of SN 1983K, the V -band light curve (purple filled squares) is less sampled than the B-band one (see Fig. 3 of Phillips et al. 1990) , and the maximum light (observed in B-band) in the V -band is missed. To estimate the V -band photometry around the maximum, we interpolate the B −V colour (which is monotonically increasing, see Section 4.3) to the epochs of the B-band photometry without V -band measurements (t * ), and then we compute Vt * = Bt * − (B−V )t * (purple empty squares). To estimate the V -band maximum of our LLEV SNe II, we fit a fourth order polynomial to the photometry close in time to the brightest point. To estimate s2, we fit a straight line to the V -band light curve during the plateau phase (for more details, see A14). Values of M max V and s2 for the LLEV SNe II set are listed in Table 1 .
The bottom part of Fig. 2 shows the normal SNe II in the A14 sample 4 (empty circles; where values are from Table 6 of A14) in the M max V versus s2 space, where we remove those SNe without estimation of E host B−V . To characterize the distribution of the A14 sample in this space, we perform a Gaussian process fit (solid line), where the dashed lines indicate the ±3σ limits. In the figure we plot the LLEV SNe II as blue squares. We see that they have M max V −17.5 mag, where SN 2008bm and SN 2009au are fast decliners, while for SN 1983K, SN 2009aj, and LSQ13fn the decline rate is lower, indicating that LLEV SNe II seems not connected to a particular light curve decline rate. In addition, we see that SN 2008bm, SN 2009au , and LSQ13fn are within 3σ limit, while SN 1983K and SN 2009aj are outliers in the distribution, i.e., they are significantly brighter than what would be implied from their s2 decline rates. In the figure we also plot the SNe IIn/II (red diamonds) that we found in the literature (the set and main properties are listed in Table A12 ). We see that the LLEV SNe II tend to have lower decline rates than SNe IIn/II. 
Pseudo-bolometric light curves
To compute pseudo-bolometric light curves, we proceed as follows: (1) We convert broad-band magnitudes into monochromatic fluxes (fx), associated to their respective effective wavelengths (lx). For a fair comparison with other SNe II in the literature, we use BVRI and gri magnitudes.
(2) For each photometric epoch, we perform linear interpolations between the (lx, fx) points, which we adopt as the spectral energy distribution (SED). (3) We correct the SED for redshift and colour excess, and then we integrate it from 4200 to 7500Å (which is a wavelength range covered by the filters). (4) We convert the integrated flux into luminosity using the corresponding SN distance.
The top part of Fig. 3 2001; Leonard et al. 2002; Elmhamdi et al. 2003) , which have decline rates similar to SN 2008bm and SN 2009au, and to SN 2009aj and LSQ13fn, respectively; SN 2004et (Sahu et al. 2006 Misra et al. 2007; Maguire et al. 2010 ), one of the most luminous normal SN II; the SN IIn/II 2007pk Hicken et al. 2017) ; and SN 2005cs (Pastorello et al. 2006 (Pastorello et al. , 2009 ), which has low expansion velocities (see Section 5.3). We see that SN 2008bm and SN 2009aj have luminosities higher than SNe II with a similar decline rate, confirming the result obtained in Fig. 2 , where the luminosity of SN 2009aj is comparable to those of the SN IIn/II 2007pk at epochs earlier than 40 d since explosion. After that, the evolution of the SN 2009aj luminosity is similar to that of SN 2004et, though brighter. SN 2009au is less luminous than SN 2014G in all the phase range reported in the plot, with a luminosity at maximum light similar to SN 2004et. LSQ13fn, as reported by Polshaw et al. (2016) , has a luminosity similar to SN 2004et. We also compute the pseudo-bolometric light curve using ultraviolet, optical, and near-IR (UVOIR) photometry, from u/U -up to H-band (3600-16500Å, bottom part of Fig. 3 ). We find that SN 2008bm and SN 2009aj are not only brighter in the optical (top part of Fig. 3 ), but also in the UVOIR wavelength range.
Colour evolution
Normal SNe II are found to form a continuum population in observed colours, showing a large diversity at all epochs. While there are some (red) normal SNe II that clearly show the effects of strong host galaxy reddening, most of the colour dispersion apparently arises from intrinsic colour dif- The top part of Fig. 4 shows the B −V colour curves of the normal SNe II analysed in D18 5 (empty circles) and corrected for E host B−V (using values of A14), along with the LLEV SNe II in our set. We note that the LLEV SNe II are systematically bluer than normal SNe II in all the phase range reported in the plot 6 . The latter could be due to low metallicity progenitors (where the lower the progenitor metallicity, the bluer the colour; Dessart et al. 2014) , or a consequence of an ejecta-CSM interaction, which makes colours bluer than normal SNe II (e.g., Hillier & Dessart 2019) as in the case of SNe IIn/II, which are included in Fig. 4 for comparison.
The bottom part of Fig. 4 shows the evolution of the late-time B −V colour of SN 1983K, compared with normal SNe II that we found in the literature with B-and V -band photometry during 190-350 d since explosion, i.e., the phase range covered by the late-time B −V colour of SN 1983K. This sample is listed in Table A13 . We see that the B −V colour evolution of SN 1983K is consistent with the rest of normal SNe II in the plot. We also include a set of SNe IIn (sample listed in Table A14 ) to depict the effect of a long lasting ejecta-CSM interaction over the B −V colours. We see that the ejecta-CSM interaction on SNe IIn makes their colour bluer than normal SNe II. The latter suggests that for SN 1983K, the late-time flux is dominated by the decay of 56 Co to 56 Fe.
Nickel mass
Assuming that the observed flux during the radioactive tail is due to the decay of 56 Co to 56 Fe, and that all the γ-rays from that decay are thermalized, the 56 Ni mass synthesized during a SN II explosion can be estimated with
where Lt is the bolometric luminosity measured at epoch t, L * = 1.271 × 10 43 erg s −1 , and t0 and z are the explosion epoch and heliocentric redshift of the SN, respectively. To estimate Lt for the LLEV SNe II in our set, we use
where V0,t is the V -band magnitude at epoch t during the radioactive tail corrected by extinction, µ is the SN distance modulus, and BC is the bolometric correction. For the latter, we assume the same BC for SNe II during the radioactive tail (BC = 0.26 ± 0.06 mag; . For SN 2009aj we convert Rri to V -band photometry using nebular spectra of normal SNe II, nearly at the same epoch of the photometry, obtaining V = 20.86 ± 0.19 mag. For LSQ13fn, we compute V = 26.24 ± 0.30 mag from its nebular spectrum. Finally, we compute 56 Ni masses using equation 1 and assuming complete γ-ray trapping. This assumption for the LLEV SNe II is partially supported by the fact that for SN 1983K we measure a V -band radioactive tail slope of 1.01 ± 0.02 mag (100 d) −1 , which is consistent with the slope of 0.98 mag (100 d) −1 expected for the complete γ-ray trapping scenario. 56 Ni mass values are listed in Table 1 . Fig. 5 shows the location of the LLEV SNe II (blue squares) in the log 56 Ni mass versus the absolute V -band magnitude at 50 d since explosion (M 50d V ) space 7 . For comparison, we include normal SNe II (empty circles) in the A14 sample, which have 56 Ni mass values estimated in the same manner than our LLEV SNe II, and the normal SNe II in the Hamuy (2003) sample, where we recompute the 56 Ni masses using new estimations for the distance and host galaxy reddening (the SN set and parameters are listed in Table A15 ). We also include the SN IIn/II set (red diamonds, where the upper limits are because the slope during the radioactive tail is > 1.5 mag (100 d) −1 ). As noted by Hamuy (2003) and subsequently by other authors (e.g., Spiro et al. 2014; Pejcha & Prieto 2015; Valenti et al. 2016; 7 Since the errors in the log(M ( 56 Ni)) versus M 50d V space are dominated by errors in reddenings and/or distances, the confidence regions are elongated ellipsoids (e.g., Pejcha & Prieto 2015) . Fig. 5 , for normal SNe II there is a correlation between the 56 Ni mass and M 50d V . In order to characterize the distribution of normal SNe II, we fit a straight line (solid line), where the dashed lines indicate the ±2σ limits. We see that all LLEV SNe II in the plot are close or below the −2σ limit, i.e., at 50 d since explosion they are brighter than those explosions producing the same amount of 56 Ni. The latter, along with the colour evolution for LLEV SNe II (Fig. 4) , indicates that for these objects there is a source of photons, still relevant at 50 d since explosion, which becomes negligible at the radioactive tail. We speculate that the source of these photons is the early interaction between the SN ejecta and the CSM.
SPECTROSCOPIC PROPERTIES
In the previous section, we found evidence in favour of an early ejecta-CSM interaction scenario for LLEV SNe II. In this section, analysing the spectroscopic data, we present further evidence that reinforces this hypothesis.
Early ejecta-CSM interaction
The top row of Fig. 6 shows the early spectra of SN 1983K, LSQ13fn, SN 2009au, and SN 2009aj (left) , along with zooms around Hδ, Hγ and Hβ (middle) and Hα (right). We can see that those SNe show broad Hα and Hβ in emission, centred in the laboratory wavelengths, and with no prominent absorption features. The latter is characteristic of an SN II ejecta interacting with a CSM, where the line broadening mechanism is dominated by electron scattering (Chugai 2001 The high temperature needed to produce the N iii/C iii/He ii feature could come from the conversion of kinetic energy into thermal energy during an ejecta-CSM interaction, which favours this scenario.
The middle row of Fig. 6 shows the spectra of SN 2009au and SN 2008bm at 21 and 74 d since explosion, respectively. Since the Hα profile in their spectra are highly contaminated by H ii region lines (depicted in the left column as gray lines), we remove that contamination modelling the Hα profile as a mixture of four Gaussians (SN Hα absorption and emission, along with the Hα and [N ii] emission from the H ii region). In the middle row of the right column of Fig. 6 we see that the absorption part of the Hα P-Cygni profile is not strong, which indicates that the ejecta-CSM interaction is still ongoing.
The bottom row of Fig. 6 shows the spectra of LSQ13fn, SN 1983K, SN 2009aj, SN 2009au, and SN 2008bm at 31, 42, 27, 27 , and 80 d since explosion, respectively. At these epochs, the LLEV SNe II in our set start to show the absorption part of the Hα P-Cygni profile, and the emission peaks appear blueshifted, where the broader the emission the more blueshifted the peak. The latter characteristic is common in normal SNe II , indicating that the effect of the ejecta-CSM interaction ebbs after 4-11 weeks since explosion.
Weakness of metal lines
The top part of Fig. 7 shows the evolution of the Fe ii λ5018 pEW of the LLEV SNe II in our set (coloured symbols), compared to the normal SNe II in the G17 sample (empty circles). We see that the LLEV SNe II are mostly below the −1σ limit (dashed line) of the G17 sample, which indicates the weakness of metal lines in the LLEV SNe II spectra in all the phase range reported in the plot. Polshaw et al. (2016) had already reported the weakness of metal lines in the spectra of LSQ13fn compared to normal SNe II. In that work, one of the parameters that they suggested to explain the weakness of metal lines is a low metallicity of the SN progenitor. In fact, Dessart et al. (2014) explored theoretically the dependence on the SN II progenitor metallicity of some spectral features. The general behaviour they obtained is: the lower the progenitor metallicity, the weaker the metal lines. A lower metallicity also implies a lower line blanketing and therefore a colour bluer than other SNe II with a higher metallicity, which in principle could explain the blue colour we observe in LLEV SNe II. Nevertheless, the strength of metal lines not only depends on the progenitor metallicity, but also on the temperature of the line formation region (which modifies the opacity) and, when the SN is surrounded by a CSM, on the contribution to the flux generated from the ejecta-CSM interaction (Leloudas et al. 2015) . Regarding the temperature, Anderson et al. (2016, hereafter A16) show that the pEW of the Fe ii λ5018 line in normal SN II spectra increases with the V − I and V − i colour, which are used as a proxy for temperature.
The bottom part of Fig. 7 shows the Fe ii λ5018 pEW as a function of the B −V colour. We see that the location of the LLEV SNe II is consistent with the normal SNe II, indicating that the weakness of metal lines seen in the LLEV SNe II spectra indeed could be due to the high temperatures at the line formation region.
Regarding to line dilution due to the contribution of the photons generated by the ejecta-CSM interaction, to quantify its effect to first order, we select SN 2008M (A14, G17) because it is one of the bluest normal SNe II in the D18 sam- ple. With this, we can isolate as best as possible the effect of CSM dilution on the pEW of the metal lines from the similar effect of temperature we have analysed previously. The Fe ii λ5018 pEW of the composite spectrum is of 5.7Å, which matches better to the value for SN 2009aj. Therefore, even when the SN 2008M spectrum is not as blue as the spectrum of SN 2009aj, and the oxygen abundance at the site of SN 2008M (8.43 dex; A16, which we use as a proxy for the progenitor metallicity) is higher than the value for SN 2009aj (8.29 dex; see Table 1 ), the flux contribution due to the ejecta-CSM interaction seems to be an efficient driver of the observed weakness of metal lines in its spectra. Fig. 9 shows the Fe ii λ5018 pEW at 50 d since explosion, as a function of the B −V colour (corrected for E host B−V ) at the same epoch (left), and as a function of the oxygen abundance in the N2 calibration of Marino et al. (2013) (right) for the LLEV SNe II in our set (coloured filled symbols). For comparison, we plot the normal SNe II in the A16 sample 8 (gray empty circles, where we use the colour curves plotted in Fig. 4 to In the left panel we see that SN 1998S, SN 2009aj, and  LSQ13fn have similar Fe ii λ5018 pEW values and B −V colours, while in the right panel we see that the same SNe have different oxygen abundances. The latter indicates that (1) the metallicity is not a dominant component determining the Fe ii λ5018 pEW values as B −V colour is, or (2) SN 1998S and LSQ13fn suffer more line dilution compared to SN 2009aj. In Fig. 9 we also see SN 2013fc, LSQ13fn, and SN 1983K having similar B −V colour and oxygen abundances, but different Fe ii λ5018 pEW values. One explanation for this difference is that SN 1983K and LSQ13fn suffer more line dilution than SN 2013fc. Based on these findings, we suggest that the progenitor metallicity is not the main driver of the weakness of metal lines seen on LLEV SNe II spectra, but a combination of higher temperatures at the line formation region and line dilution (both being consequence of an early ejecta-CSM interaction). 
Expansion velocities

DISCUSSION
A break in the magnitude-velocity relation
As we have seen in Section 4.1 and 5.3, LLEV SNe II are characterized by having luminous peak magnitudes and low expansion velocities. This is not expected in a scenario where more energetic SN II explosions that produce high luminosities also have high expansion velocities. This trend is shown in Fig. 11 , where we plot the V -band absolute magnitude and the expansion velocity, both at 50 d post explosion, for the normal SNe II in the A14 SN sample (gray circles, where expansion velocities are from Table 3 of Gutiérrez et al. 2017b) . To characterize the distribution of the A14 sample in this space, we perform a Gaussian process fit (solid line), where dashed lines indicate the ±3σ error around the fit. We can see that the LLEV SNe II 10 (blue squares) populate a region where the only known member was LSQ13fn, marking a discrepancy of 2-3 mag with respect to the trend obtained with the A14 sample. At this point, it is not clear whether the LLEV SNe II can be considered as a separated class of SNe II, or whether they are part of a continuum in the SN II distribution induced by an increasing ejecta-CSM interaction.
To test the latter, we include in Fig. 11 the SNe IIn/II set. We see that SN 1998S, SN 2008fq, SN 2013fc, and, possibly, SN 1979C , are brighter than the 3σ limit. However, they do not fill the gap between the distribution of normal SNe II and the LLEV SNe II. Fig. 12 shows the absolute magnitude as a function of the expansion velocity and the B −V colour, all at 50 d since explosion of the LLEV SNe II in our set (blue squares). In this space we see that the LLEV SNe II seem to form a separated set of objects from the rest of normal SNe II (gray Figure 11 . Absolute V -band magnitude versus expansion velocity, both at 50 d since explosion, showing the LLEV SN II set (blue squares), the normal SNe II in the A14 sample (empty circles), and the SNe IIn/II from the literature (red diamonds). The solid line corresponds to the Gaussian process fit, where dashed lines indicate the 3σ error around the fit. We also plot the location of our model for SN 2009aj (see Section 6.2) without (orange star) and with (circled yellow star) CSM. circles). With the aim to confirm this visual finding, we run the mean-shift algorithm to search for clusters in this space. We perform simulations where points are moved within their errors (assuming a normal distribution), and we find that in all of the realizations the LLEV SNe II form a separated group with respect to the rest of SNe II. Although, given the low number of LLEV SNe II, this result has to be taken with caution, the fact that these SNe always cluster in a different parameter space region, indicates that these SNe could indeed be a new sub-type of SNe II.
Interaction of the ejecta with a massive CSM
As mentioned in the previous paragraphs, a scenario where the ejecta of a normal SN II interacts with a CSM medium could explain all the characteristics observed in LLEV SNe II. In fact, during the ejecta-CSM interaction, part of the kinetic energy is converted into thermal energy and photons, which slows down the ejecta, increases the temperature and luminosity, and veils the spectral lines.
In order to test whether the ejecta-CSM interaction is responsible of converting a normal SN II into a LLEV SN II, we perform hydrodynamical simulations. We focus on the modelling of SN 2009aj here because its explosion epoch and host galaxy colour excess are better constrained than those for SN 2008bm and SN 2009au. We adopt the same numerical method as in Moriya et al. (2017 Moriya et al. ( , 2018 and use the radiation hydrodynamics code STELLA (Blinnikov et al. 1998 (Blinnikov et al. , 2000 (Blinnikov et al. , 2006 for our numerical light curve modelling.
We take the 14 M⊙ progenitor model in Moriya et al. (2018) adopting the β law wind velocity. We take one model with the mass-loss rate of 3 × 10 −2 M⊙ yr −1 , the terminal wind velocity of 10 km s −1 , β = 5, and the dense CSM radius of 10 15 cm. This dense CSM has a mass of 3.6 M⊙. When we explode the progenitor in this system with the explosion energy of 8 × 10 50 erg, we obtain the UBVRI absolute light curves, and expansion velocities as in Fig. 13 (solid lines) . We can see that the observed absolute magnitudes and expansion velocities of SN 2009aj (empty symbols) match well to the numerical results, adopting an explosion epoch 1.5 d prior to the last nondetection 11 . The effect on the luminosity-velocity relation produced by the interaction of the ejecta with a massive CSM is depicted in Fig. 11 . We can see that the SN II model without CSM (orange star), consistent with the rest of the observed SNe II, is translated outside of the 3σ limit in direction to the location of the LLEV SNe II if we include a massive CSM (circled yellow star).
The observed fraction of LLEV SNe II
In order to estimate a first approximation of the fraction of LLEV within the normal SN II family, we use the monitoring campaign carried out by the CHASE survey. Since LLEV SNe II are typically more luminous than normal SNe II, and given that the CHASE is a magnitude-limit survey, the estimation of the fraction of LLEV SNe II we will provided should be regarded as an upper limit.
During by other surveys during the same period, which were discovered by CHASE independently. In order to identify possible LLEV SNe II in the CHASE normal SN II sample, we check the classification reports (and classification spectra, if they are available). We select as possible LLEV SNe II those SNe whose classification spectra best match to a subluminous SN II (e.g., SN 2005cs), or have low expansion velocities (e.g., Hα 5000 km s −1 ). From this list, we discard those SNe having absolute magnitude 12 (at the moment of the discovery or in posterior confirmation epochs) consistent with subluminous SNe II ( −16.0 mag; Lisakov et al. 2018) , and those having spectra earlier than 3 weeks since explosion but not showing signs of ejecta-CSM interaction. From the CHASE SN IIn sample we select as possible LLEV SN II those SNe IIn that spectroscopically do not evolve as an 12 Discovery and confirmation magnitudes reported by CHASE are obtained from unfiltered images, which are similar to R-band magnitudes.
SN IIn but as a normal SN II with narrow P-Cygni profiles. For this, we use the information available on the literature.
Among the 104 normal SNe II, 15 show spectral characteristic consistent with low expansion velocities, of which 7 are published subluminous SNe II, 2 have reports based on spectra earlier than 3 weeks since explosion, but not showing signs of ejecta-CSM interaction, and 3 have absolute magnitudes (corrected for E host B−V inferred from Na iD at the redshift of the host galaxy) > −15.5 mag. Only SN 2009aj shows narrow P-Cygni profiles and high luminosities, while for SN 2008ch we do not have enough information to confirm or discard it. Among the 9 SNe IIn, 7 of them evolve as SNe IIn. Only SN 2009au shows a posterior evolution different than an SN IIn, while for SN 2008gm there is not enough information to confirm or discard its LLEV nature. If we consider SN 2009aj and SN 2009au as the only LLEV SNe II in the CHASE sample, then its fraction could be around 2 per cent. On the other hand, if we consider all the unconfirmed candidates (SN 2008ch and SN 2008gm) as LLEV SNe II, then the upper limit increases to 4 per cent. The low fraction of LLEV SNe II points toward an uncommon progenitor, which should have experimented a high mass loss rate close in time to core collapse in order to generate a sufficiently massive shell (∼ 4 M⊙) close to its surface to produce the spectroscopic and photometric characteristics that we observe in LLEV SNe II.
Impact on SNe II as distance indicators
Since the LLEV SNe II do not follow the luminosity-velocity relation observed for normal SNe II, we have to analyse their impact over the use of normal SNe II as distance indicators.
As mentioned in Rodríguez et al. (2019) , the SN II distance precision using the Photospheric Magnitude Method (Rodríguez et al. 2014 ) could be up to 0.23 mag within a 99 per cent of confidence level. In this case, the location of the LLEV SNe II (≥ 2 mag brighter than the expected from their expansion velocities) in the Hubble diagram (HD) will be ≥ 8.7σ below the Hubble law fit. Therefore these events can be easily discarded with a sufficient amount of data.
Since the oxygen abundance of LLEV SNe II is not necessarily low, we do not have evidence that those SNe are related to low metallicity galaxies, so we do not expect that the fraction of LLEV SNe II will increase with redshift (e.g., z > 0.5) as consequence of the evolution of the metallicity of the Universe. However, we expect to find a higher fraction of LLEV SNe II due to the Malmquist bias. For example, for the Large Synoptic Survey Telescope (LSST) the r-band 5σ limiting magnitude is estimated to be ∼ 24.3 mag, so for z ≥ 0.5 we expected to detect SNe II with Mr −18.0 mag. In this case, the observed fraction of LLEV SNe II could be as high as 10-18 per cent, so the LLEV SNe II will be only ≥ 2.9-3.9σ below the Hubble law, which makes it difficult to recognize them as outliers. This means that the existence of LLEV SNe II have to be taken into account if normal SNe II at high redshifts are used to derive cosmological parameters. Nevertheless, as we shown in this work, the current sample have expansion velocities which are in the lower end of the normal SN II distribution, therefore a cut on expansion velocities could greatly reduce their contamination.
CONCLUSIONS
In this work we presented optical and near-IR photometry of SN 2008bm, SN 2009aj, and SN 2009au . From the analysis of these data together with already published spectroscopy we found that they show similar characteristics with those of SN 1983K and LSQ13fn. In the luminosity-expansion velocity plane this possible family of SNe II, that we call LLEV, forms a separate group which have a V -band absolute magnitudes 2-3 mag brighter that those expected from their expansion velocities by the luminosity-velocity relation observed for normal SNe II.
The ejecta-CSM interaction observed in LLEV SNe II lasts up to 4-11 weeks since the explosion. Subsequently, spectra show P-Cygni profiles characterized by low expansion velocities, and a weakness of metal lines. We found evidence that the metal line weakness seems not related to the metallicity of the progenitor but with a combined effect of the line dilution due to the contribution of the CSM to the flux, and the higher temperatures than normal SNe II at similar epochs. Through hydrodynamic simulations, which consider a RSG progenitor of 14 M⊙ with an explosion energy of 8 × 10 50 erg, we found that the high luminosity and low expansion velocities seen on SN 2009aj can be explained if the ejecta interacts with a CSM of ∼ 3.6 M⊙ located very close to the progenitor.
Based on the discoveries by the CHASE survey, we estimate an upper limit for the LLEV SNe II fraction to be 2-4 per cent of all normal SNe II. This low fraction, together with the high CSM mass we obtain from the hydrodynamic simulations, may indicate an uncommon progenitor with a high mass loss rate close in time to core collapse in order to generate a sufficiently massive shell close to its surface. Based on the available data, it is unclear whether the LLEV SNe II are a separated class of SNe II with a different progenitor system, or there is a continuum of objects connecting them with the normal SNe II. It is necessary to populate the luminosity-velocity space with more LLEV SNe II in order to reveal the nature of these peculiar SNe II. Finally, we shown that, based on the current sample, LLEV SNe II should not represent a severe contaminant in the use of normal SNe II as standardizable candles.
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